Introduction
SOFCs are a potential candidate for use as Auxiliary Power Units (APU's) on board heavy duty trucks. Heat from the SOFC exhaust is generally used either for cabin heating or for recuperative heat exchanger and even after that there is still a considerable amount of high quality heat available. Not using the heat from an SOFC stack is tantamount to using only half the available useful energy from the fuel.
The ongoing research work focusses on the design and development of a compact Vapour Absorption Refrigeration System (VARS) unit driven by heat from an SOFC stack for a refrigerated truck application. A thermally driven compact refrigeration unit offers the following advantages over an electrically driven refrigeration unit:
i) The refrigeration unit is decoupled from the main diesel engine which in turn reduces the load on the main diesel engine. Considerable diesel savings can be achieved when compared to the conventional case. ii) Ensures quieter operation of the refrigeration unit thereby removing any restrictions on truck delivery times which in turn means trucks could make deliveries at any time of the day. iii) Since the heat from the SOFC is used, the electricity generated is available for other purposes. This enables design of hybrid configurations for refrigerated trucks. iv) The refrigeration unit is being driven by free thermal energy which would otherwise be dissipated to the environment. which are then separated in a vapour separator. The generated vapour at high pressure is then passed on to the condenser (not shown in Figure 1 ).
SOFC cathode exhaust flow rate
The cathode exhaust flow rate from an SOFC stack is dependent on the fuel utilization factor. Higher fuel utilization factors will lead to lower cathode exhaust flow rates and vice versa (1). The variation of cathode exhaust flow rate with fuel utilization factor from a 1 kW & 5 kW SOFC stack is shown in Figure 2 . This data is important for modelling the tube in tube heat exchanger with fins. 
Modelling & Optimization of tube in tube heat exchanger
The tube in tube heat exchanger plays a crucial part in the whole system. The performance of this heat exchanger during steady state operation is critical in ensuring the thermal oil gets heated to the required temperature needed at the desorber. After carrying out optimization studies, the final geometrical dimensions for the heat exchanger were fixed and steady state simulations performed to check the heating of the thermal oil in the heat exchanger.
Physics employed & governing equations COMSOL multi-physics was employed to study the performance of the heat exchanger. The different physics employed in various domains of the geometry and the corresponding equations are as follows: Energy Equation
Heat transfer in fluids
Navier Stokes Equation for compressible flow
Navier stokes equation for incompressible flow
Continuity Equation
Where, ρ = density (kg/m 3 ), C = specific heat capacity (J/kg K), T = temperature (1), u = velocity of the respective fluid (m/s), p = pressure (1), μ = dynamic viscosity of the fluid (Pa.s) It is desirable to use a thermal oil that has got a higher degradation temperature because constant heating and cooling of the oil will cause it to degrade. The thermal oil used for modelling is Paratherm HR which has got a higher degradation tolerance of around 644 K. The properties of Paratherm HR can be found from (2) and were fed as temperature dependent equations in COMSOL multi-physics.
Geometry of the heat exchanger
The optimized geometry of the heat exchanger is shown in Figure 3 The equations employed for each segment, to determine the temperature distribution along the plate are given in [6] to [8] Q m , * C , * T1 T2
The overall heat transfer coefficient for each segment is calculated from Equation For the thermal oil, only the single phase heat transfer coefficient was used whereas for the NH 3 -H 2 O solution both single phase and two phase heat transfer coefficient was used, depending on when the flow changed to two phase. (1) There are numerous correlations available in literature for calculating the heat transfer coefficient in a plate heat exchanger however the most widely suggested correlation is that of Muley & Manglik (3) and this is used in the present modelling studies. For the two phase heat transfer coefficient, the correlation suggested by Taboas et al (4) is used. This correlation is used because it was arrived at after relating it with experiments carried out on NH 3 -H 2 O desorption in PHE by the same research group.
Bo is the boiling number which is incorporated to take care of two phase flow and is given by Since only four research groups have worked on the experimental aspects of PHE desorber (5-8), the geometry from one of the groups (7) is selected for initial modelling.
The dimensions of the selected geometry are given in Table II . Number of plates 20
Results & Discussion

Heating of thermal oil in heat exchanger
Steady state simulations in the heat exchanger revealed that the thermal oil gets heated by 32 K in one pass through the heat exchanger. This temperature rise is sufficient enough because this is precisely the amount of temperature drop that the oil goes through in the PHE desorber as will be discussed in the next section. Figure 7 shows the meshed geometry of the heat exchanger. As can be seen the meshing is quite dense around the critical areas (air flow path & oil flow path) and hence gives accurate results. Figure 8 shows a graphical representation of the heating of the thermal oil in the heat exchanger and Figure 9 shows the variation of average outlet temperature of the thermal oil with mass flow rate of thermal oil. The main idea is to use a simple heat exchanger so as not to make the system complicated but at the same time have the functionality and performance required of it. Adding fins to on the inside of the heat exchanger improves the heat transfer.
Mass flow rate & quality of vapour from PHE desorber
The temperature variation along the height of the plate is shown in Figure 10 There are a number of factors that could affect the performance of the PHE desorber and it is vital to capture and study these effects. Performing a sensitivity analysis helps in optimizing the dimensions of the PHE desorber. Table III categorizes the effect that different parameters have on the mass flow rate and NH 3 concentration generated from a PHE desorber. 
Mass flow rate of thermal oil 
As seen from Table III , the number of plates used in the heat exchanger has a profound effect on the mass flow rate and NH 3 concentration besides the operating parameters of the respective fluids.. The effect is shown in Figure 15 . The optimum number of plates is around 10 after which there is no drastic effect both on vapour generation and NH 3 concentration. 
Sizing of plate heat exchanger
Based on the above results the plate heat exchanger can be sized to meet the required cooling load of 1 kW. The dimensions of the PHE desorber to suit a 1 kW cooling load are outlined in Table IV . The other dimensions of the PHE can be the same as the one mentioned in Table II .
Design maps for different cooling loads
Figures 16, 17 & 18 show the design maps for using SOFC stacks on board refrigerated trucks and the corresponding mass flow rate of thermal oil needed at the PHE desorber. 
